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ABSTRACT 

Time history analysis was performed to study the effect of selected parameters in the behaviour of 

reinforced concrete frames under earthquake loads. The RC frames were designed for gravity-loads 

only as typically found in most seismic prone countries before the introduction of adequate seismic 

design code provisions. The parameters considered in this study were the number and span of bays, 

the number of stories, and the presence of infill wall (full infilled frame and infilled frame with open 

ground stories). It was observed that the presence of infill wall may affect the seismic behaviour of 

frame structure to large extent, and the infill wall increases the strength and stiffness of the 

structure. Also it was observed that infilled frames are preferred in seismic regions than the open 

ground story ones, because the story drift of first story in open ground story frames is very large 

than the upper stories, this may probably cause the collapse of structure. 

1. Introduction 

Multistory reinforced concrete (RC) framed structures are very common in many 

countries in the world, especially in developing countries, and are the predominant 

structural system in Arab Countries. The extensive use of this system is attributed to the 

rapid growth of urban population and to its relatively low initial cost compared to other 

materials such as steel. Masonry infill walls are frequently used as interior partitions and 

exterior wall in RC frames. Usually, the infill walls are treated as non structural element 

and their influences on the structural response are generally ignored. In fact, the interaction 

between the infill and the frame has a dual effect: it may or may not improve the seismic 

performance of the structure due to several reasons such as regular distribution and 

continuity of infill.  

Many RC buildings constructed in recent times have a special feature,  the ground story is 

left open for the purpose of parking (Fig. 1.), i.e., columns in the ground story do not have 

any partition walls (of either masonry or RC) between them. Such buildings are often 

called open ground story buildings. These buildings look as if they are supported by 

chopsticks! Open ground story buildings have consistently shown poor performance during 

past earthquakes across the world [1]. 

Earthquakes are one of nature’s greatest hazards to life on this planet. The impact of this 
phenomenon is sudden with little or no warning to make preparations against damages and 

collapse of buildings/structures.  

Recent earthquakes across the world, including the 1982 Dhamar earthquake in Yemen, 

the 1992 Cairo earthquake in Egypt, the 1995 Hyogo-ken Nanbu earthquake in Japan, the 

1999 Izmit and Ducze earthquakes in Turkey, the 2001 Bhuj earthquake in India, the 2001 

Chi Chi earthquake in Taiwan, the 2003 Boumerdes earthquake in Algeria, the 2009 

Southern Sumatra in Indonesia, and the 2011 Van earthquake in Turkey revealed major 
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seismic deficiencies in the RC buildings, some of which led to catastrophic collapses 

causing a death toll measured in thousands. One of the major causes of seismic 

vulnerability associated with these buildings is that, in the developing countries, a large 

number of the existing RC frame buildings have been designed to resist only vertical loads 

and had insufficient lateral resistance and the architects and engineers were without formal 

training in the seismic design and construction and have been built by inadequately skilled 

construction workers [1 - 6]. 

 

 

 

 

 
 

 

 

Fig. 1. Typical example of open ground story building[1] 

In the recent years, special attention has been given to the investigation on the seismic 

behavior of reinforced concrete buildings designed for gravity load only. Most of these 

structures have been typically designed and built before the introduction of adequate 

seismic design code provisions. In the Arab World, until late 1990s, there was no 

regulation to design and construct building structures for seismic resistance and most 

building structures were designed to resist gravity loads only, for example. in Egypt the 

first official code of practice to consider seismic loading was published by the Ministry of 

Housing in 1989[3], and in Syria the seismic design for buildings was mandatory as a law 

in 1997 [7]. Whereas, unfortunately, no building seismic codes are available for the 

Arabian Peninsula states[8] and Yemen[2].  

Because there is a large inventory of buildings that were designed and constructed 

without considering the seismic loads, it is believed that many of these structures may pose 

an unacceptable life-safety hazard in the event of a major earthquake. This fact explains 

the basic need for identification of such buildings, the evaluation of their expected seismic 

performance, and if needed, their seismic strengthening. 

There are different types of analyses to treat the seismic forces on a structure. Most 

codes specify both static and dynamic analyses, The static analysis is an indirect method of 

considering the effect of the ground motion on the structure and it normally incorporates 

some of the dynamic features of the problem, such as fundamental period of the building, 

the soil effect and the earthquake hazard. The Time history dynamic analysis on the other 

hand is a direct method in which a selected earthquake record in the form of an 

acceleration –time history is used as the input. Time history analysis can be used for both 

linear and nonlinear analysis, and it is one of the most effective for the solution of non-

linear response, among the many methods available. 
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In the present study, with using ABAQUS V6.10 software, the nonlinear time history 

analysis was used to study the effect of some parameters on the behaviour of multistory 

RC frames designed for gravity loads only under earthquake load. The parameters under 

study are the: 

1) number of bays ("n"= 1, 2, 3, and 4-bays), 

2) number of stories ("b"= 2, 4, 6, and 8-stories),  

3) bay span ("L"= 4, 6 and 8m),  

4) and the presence of masonry infill: a) full infill frames, and b) full infill frames 

with open ground story  

2. Time History Analysis 

Time-History analysis is the most important methods nowadays at disposal for a 

structural engineer when performing a seismic analysis of a given structure. It is a step-by-

step procedure where the loading and the response history are evaluated at successive time 

increments, t–steps. During each step the response is evaluated from the initial conditions 

existing at the beginning of the step (displacements and velocities) and the loading history 

in the interval. With this method the non-linear behaviour may be easily considered by 

changing the structural properties (e.g. stiffness, k) from one step to the next. This method 

is one of the most effective for the solution of non-linear response, among the many 

methods available [9].  

This paper includes the time history analysis of a series of multistory RC frames two, 

four, six, and eight story with different number of bays one, two, three, and four bays. In 

addition to different infilled structure such as completely infilled (IN), bared frame (BF) 

and completely infilled with open ground story (OG). The analysis is done for El-Centro 

1940 earthquake. The results such as roof lateral displacement (RLD), maximum interstory 

drift ratio (IDR) and base shear (BS) are generated from ABAQUS software.  

2.1. General description of ABAQUS software 

ABAQUS, is a powerful engineering simulation program, based on the finite element 

method, and it was used as the basic program for this study. This program can solve 

problems ranging from relatively simple linear analyses to the more complex nonlinear 

simulations [10]. In previous study done by the authors[11], the software program was 

validated, an experimental test by Mehrabi[12] has been modeling; a selective sample is 

chosen (test No. 1) from Mehrabi collection test[12]. The material properties and 

geometric specifications and its designed details of reinforced concrete frames have been 

described in our previous study[11]. Analysis results are plotted together with the test data 

as in Fig. 2. The graphs indicate that the models predict the behavior with acceptable 

accuracy. 
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Fig. 2. Comparison between analytical results and experimental results obtained by 

Mehrabi [12]. 

2.2. Design of models under study 

For the time history analysis a series of multistory RC frames (with different number of 

bays, stories and with different bay span) were designed for gravity loads only 

(1.4D.L+1.7L.L) without considering the seismic loads (no lateral loads were considered 

for the design). All frame models have a constant 3m story height except the ground story 

is 4m (Fig. 3). The parameters considered for each RC frame model under study  are: 

number of stories ("n"= 2, 4, 6, and 8 stories), number of  bays ("b" = 1, 2, 3, and 4 bays) 

and the bay span ("L" = 4, 6, and 8m ) and presence of infill wall (full infill "IN" and full 

infill with open ground story "OG"). The detailing for the structure was in accordance with 

the general non-seismic provisions of the ACI 318-89 Code[13].  

2.3. Modeling and material properties 

The frames were assumed to be fixed at the bottom. The columns and beams of the 

frame are modeled as 8-node 3D hexahedron element to model the concrete and 2-node 

truss element embedded in the concrete surfaces to model both of main and shear 

reinforcements [14]. This means that the end nodes of the steel rods are considered to be 

slave nodes to the concrete master nodes, and thus, that the steel nodes follow the 

deformations of the concrete nodes[10], [15]. Fig. 4 illustrates cyclic modeling of steel. 

Von Mises yield criterion with normality flow rule was adopted to account for nonlinearity 

of steel after yielding [14]. Nonlinearity of concrete was taken into account through 

constitutive equations of both uncracked and cracked concrete. For uncracked concrete, we 

utilized a model proposed for concrete under compression and based originally upon 

theory of plasticity [14] as shown in Fig.5. This model was modified to take into account 

the effect of shear reinforcement on increasing both of the ultimate strength of concrete 

and the corresponding strain due to confinement. For cracked concrete, constitutive 

equations based on smeared crack model were used. More details of the model were 

illustrated in previous works by Khairy H. [14]. The main parameters used for concrete 

and steel materials are listed in Table 1 and Table 2. 
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Fig. 3. RC frame models under study, where "n" is the number of stories, "b" is the 

number of bays and "L" is the bay span. 

  Table 1. 

  Parameters used for concrete model 

E  

(GPa) 
 

 
 (Kg/m3)  

Eccen- 

tricity 

fco 

MPa 

fcu 

MPa 

ft 
MPa 

fbo/fco
 

Kc 

21.5 0.2 2400 33.32 0.1 15.4 20.7 1.85 1.16 0.667 

E= Young modulus, Poisson ratio, Density, : Delatation angle,  fbo/fco: the ratio of initial equibiaxial 

compressive yield stress to initial uniaxial compressive yield stress, Kc: Invariant stress ratio 
 

Table 2. 

Parameters used for steel model 

Young 

modulus 

E (GPa) 

Poisson 

ratio 



Density 


Kg/m

3 

fy 

MPa 

210 0.3 7800 420 

 

Fig. 4. Cyclic modeling of steel [14] 
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Fig. 5. Modeling of Concrete in Compression[14]. 

The masonry infill was modeled as equivalent diagonal struts, of the same material and 

having the same thickness as the infill panel. The basic parameter of these struts is their 

equivalent width, which affects their stiffness and strength. In previous study[11], the 

authors presented a comparative study between several expressions proposed by 

researchers to calculate this equivalent width. It shows that the  expression proposed by 

Paulay and Priestley[16], (0.25 0f the infill diagonal length), is the most suitable choice for 

calculating the diagonal equivalent strut width, due to its simplicity and because it gives an 

approximate average value among different methods comparative in the study. 

Consequently, the Paulay and Priestley's expression will be used herein to calculate the 

equivalent strut width. The main parameters used of masonry material are listed in Table 3. 

Table 3. 

                                    Parameters used for masonry 

Young 

modulus 

E (GPa) 

Poisson 

ratio 



Density 


Kg/m

3 

fm 

MPa 

7 0.15 1600 7.2 

2.4. Earthquake acceleration input 

The North-South EL-Centro 1940 earthquake acceleration is used as the input ground 

accelerations for the time-history analysis. The North-South component of the El Centro 

earthquake was recorded with 0.02 second interval. 31.18 seconds of the earthquake are 

used for time history analysis. The maximum peak ground acceleration value is 0.319g. 

Fig. 6. shows acceleration time histories of the 31.18 seconds recorded in the  EL-Centro 

1940 earthquake. 
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Fig. 6 : N.S. EL-Centro 1940 earthquake acceleration which was used as the input 

load during the Time History Analysis 

3. Results and Discussions 

The time history analysis of all the frame models that includes bare frame, infilled frame 

and open ground story frame has been done by using ABQUS V6.10 software and the 

results are shown below. the lateral displacement, interstory drift ratio, and the base shear 

as affected by some parameters are considered in this study. The parameters are; number of 

stories, number of bays, and bay span. In addition, the frame type (bare frame, infilled 

frame and open ground story frame). 

3.1. Lateral displacement 

The maximum lateral displacement of each story level for each model with different 

number of stories (2, 4, 6, 8story) and bays (1, 2, 3, 4bays), and different types of frame 

(bare frame "BF", infilled frame "IN", and infilled frame with open ground story "OG") are 

illustrated in Table 5. to Table 7.These displacement values are the maximum lateral 

displacement of each story for the total time range of an earthquake. Maximum lateral 

displacement may occur at different time for different story level. Generally, It is observed 

that in all models the lateral displacement increases as the story level increases. The 

increase in lateral displacement is non-linear and the rate of the increases  becomes less as 

the number of story increases in all models except in models with open ground story it 

observed that the lateral displacement is concentrated on the first story whereas the other 

infill stories moves together as one block, and most of the horizontal displacement of the 

building occurs in the open ground story itself. 
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Fig. 7. Lateral displacement for four-story model with different frame type 

Table 4. 
Maximum roof lateral displacement for the two stories models 

Story 

Level 

Number of Bays and Frame Type 

One-Bay Two-Bay Three-Bay Four-Bay 

BF IN OG BF IN OG BF IN OG BF IN OG 

1
st
 8.35 1.55 11.92 7.08 1.26 9.85 6.87 1.13 8.85 6.85 1.10 8.51 

2
nd

 10.03 2.07 12.25 9.06 1.75 10.19 8.64 1.56 9.14 8.52 1.46 8.84 

Table 5. 

Maximum roof lateral displacement for the four stories models 

Story 

Level 

Number of Bays and Frame Type 

One-Bay Two-Bay Three-Bay Four-Bay 

BF IN OG BF IN OG BF IN OG BF IN OG 

1
st
 8.36 4.91 12.19 6.83 3.96 9.89 6.89 4.41 9.99 6.81 4.53 10.13 

2
nd

 13.36 7.98 13.38 10.57 6.88 10.94 10.65 6.33 11.00 10.55 6.08 11.06 

3
rd

 16.30 9.45 14.41 12.83 8.66 11.68 12.92 7.82 11.71 12.59 7.38 11.73 

4
th

 17.49 9.82 14.83 13.95 9.46 11.98 13.91 8.47 12.00 13.61 8.04 11.98 
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Table 6. 

Maximum roof lateral displacement for the six stories models 

Story 

Level 

Number of Bays and Frame Type 

One-Bay Two-Bay Three-Bay Four-Bay 

BF IN OG BF IN OG BF IN OG BF IN OG 

1st 6.07 5.39 6.74 4.77 4.95 5.54 4.77 4.88 5.83 4.95 4.39 6.49 

2nd 12.65 9.17 10.50 9.52 8.62 8.91 9.47 8.58 9.50 9.41 8.14 10.29 

3rd 18.58 11.83 12.79 13.33 11.57 11.30 13.19 11.59 11.84 13.04 11.41 12.48 

4th 23.32 13.94 14.58 16.71 13.84 13.50 16.00 14.00 13.70 15.76 13.98 14.12 

5th 26.29 15.43 15.72 19.69 15.61 14.98 18.42 15.58 14.87 17.87 15.59 15.11 

6th 27.84 16.38 16.28 20.83 16.30 15.63 19.49 16.26 15.39 18.89 16.25 15.54 

Table 7. 

Maximum roof lateral displacement for the eight stories models 

Story 

Level 

Number of Bays and Frame Type 

One-Bay Two-Bay Three-Bay Four-Bay 

BF IN OG BF IN OG BF IN OG BF 

1st 7.10 7.81 10.20 7.36 6.87 9.62 6.99 6.31 9.02 7.14 

2nd 15.91 16.27 19.08 15.65 13.66 16.63 14.38 12.19 15.34 14.45 

3rd 24.63 24.11 26.86 23.07 19.28 21.50 20.82 16.58 19.76 20.84 

4th 33.12 30.49 33.31 30.11 23.33 24.74 26.54 19.57 22.32 26.50 

5th 42.86 33.93 37.58 37.62 24.79 26.82 32.60 20.61 23.91 31.57 

6th 49.54 36.14 39.41 43.33 26.14 28.47 37.79 21.77 25.17 35.58 

7th 53.43 37.59 40.59 47.01 27.07 29.58 40.48 22.47 25.97 37.61 

8th 55.15 33.49 41.37 48.61 27.57 30.22 41.82 22.84 26.39 38.57 

3.1.1. Effect of number of bays (b) 
To study the effect of number of bays on the roof lateral  displacement  of the frames 

under study, a comparison was done between different multistory bare frame models with 

different number of bays (1, 2, 3, and 4 bays), while the bay span was constant (8m) for all 

models compared in this case. For better comparability the maximum roof lateral 

displacement (RLD) for each model under study are  illustrated  in Fig. 8.  and in Table 8. 

It is clear that the roof lateral displacement decreases as the number of bays increases. The 

rate of reduction in roof lateral displacement becomes less as the number of bay increases. 

The reduction in roof lateral displacement is due to the increases in the frame stiffness for 

resisting lateral load as the number of bays increases. The effect of the number of bays 

becomes more pronounced as the number of stories increases. 
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Fig. 8. Maximum roof lateral displacement for models with different number of bays. 

Table 8. 

Rate of reduction on roof lateral displacement due to number of bays (RRB) 

Number of 

stories  

 
Number of Bays 

One-Bay Two-Bay Three-Bay Four-Bay 

Two-Story 
RLD(mm) 

RRB* (%) 
10.03 

- 

9.06 

(9.67) 

8.64 

(4.64) 

8.52 

(1.34) 

Four-Story 
RLD(mm) 

RRB (%) 
17.49 

- 

13.95 

(20.81) 

13.91 

(0.29) 

13.61 

(2.16) 

Six-Story 
RLD(mm) 

RRB   (%) 
27.84 

- 

20.83 

(25.18) 

19.49 

(6.43) 

18.89 

(3.08) 

Eight-Story 
RLD(mm) 

RRB   (%) 
55.15 

- 

46.61 

(25.49) 

41.82 

(10.27) 

38.57 

(7.77) 

*RRB = (RLDb-1-RLDb)/ RLDa-1) ; b = number of bays. 

3.1.2. Effect of bay span (L) 

   To study the effect of the bay span (L) on the roof lateral displacement, a comparison 

was done between six-story frame models with different bay span(L=4, 6, 8m). The results 

for six story models with different number of bays are  illustrated  in Fig. 9 and    Table 9. 

It is clear that in each model the roof lateral displacement decreases as the bay span 

increases. The rate of reduction in roof lateral displacement becomes less as the bay span 

increases. This is because increasing the bay span increased the frame width and leads to 

increase the frame stiffness to resist the lateral load. 
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Fig. 9. Roof lateral displacement for six-story models with different bay span. 

   Table 9. 

   Rate of reduction on roof lateral displacement due to bays span (RRS) 

Number 

of Bays  

Bay Span 

4m 6m 8m 

One-Bay 
RLD (mm) 52.49 33.46 27.84 

RRS (%) - 36.25 16.79 

Two-Bay 
RLD (mm) 41.67 25.45 20.83 

RRS (%) - 38.92 18.18 

Three-Bay 
RLD (mm) 38.52 23.16 19.49 

RRS (%) - 39.87 15.87 

Four-Bay 
RLD (mm) 36.08 21.96 18.89 

RRS (%) - 39.14 14.00 

3.1.3. Effect of number of stories (n) 

To study the effect of the number of stories (n) on the roof lateral displacement, a 

comparison was done between different frame models with different number of stories 

(n=2, 4, 6, and 8). The roof lateral displacement results for different models with different 

number of stories are illustrated in Fig. 10. It is clear that in each model the roof lateral 

displacement increases as the number of stories increases. The rate of increases in roof 

lateral displacement becomes greater as the number of stories increases. The increases in 

roof lateral displacement are due to increases in the total frame mass which leads to 

increase the earthquakes lateral load. 
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Fig. 10. Relation between roof lateral displacement and number of stories 

3.1.3. Effect of infill 

To study the effect of infill on the roof lateral displacement, a comparison was done 

between different frame models with and without infill (infilled frames and bare frames). 

The roof lateral displacements results for each model with different number of bays are 

illustrated in Fig. 11. It is clear that the presence of infill decrease the roof lateral 

displacement in each model. The rate of reduction in roof lateral displacement due to infill 

as shown in Fig 12  becomes less as the number of stories increases. It can be said that the 

presence of infill increased the frame stiffness to resist the lateral load. 
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Fig. 11. Roof lateral displacement for bare frame and infilled frame models 
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Fig 12. Relation between number of stories and the reduction in roof 

displacement due to presence of infill. 

3.1.4. Effect of open ground story 

From Fig. 7 and Tables 4-7, it is observed that for the open ground story models the 

upper stories move almost together as a single block, and most of the horizontal 

displacement of the building occurs in the open ground story itself. i.e. this type of 

buildings can be explained as a building on chopsticks. Thus, such buildings moves back 

and forth like inverted pendulums during earthquake shaking. The ground story columns 

act as the pendulum rod while the rest of the building acts as a rigid pendulum mass. As a 

consequence, large movements occur locally in the ground story alone. 

3.2. Interstory drift ratio 

The interstory drift ratio is very significant parameter in performance based engineering. 

The interstory drift ratio is calculated with the relative displacement of each story from the 

story below, divided by the corresponding story height. It is observed that maximum 

interstory is at the first story level for the two and four stories models, and at the second 

story level for the six and eight stories models. 

3.2.1. Effect of number of bays 

To study the effect of number of bays on the interstory drift ratio  of the frames under 

study, a comparison was done between different multistory frame models with different 

number of bays (1, 2, 3, and 4 bays), while the bay span was constant (8m) for all models 

compared in this case. The maximum interstory drift ratios for each model under study are 

illustrated in Fig. 13. 

 It is clear that the interstory drift ratio decreases as the number of bays increases. The 

rate of reduction in interstory drift ratio becomes less as the number of bay increases. 

 

 

 

  



106 

N. AL-Mekhlafy et al., Some parameters affecting the behaviour of R.C. frames designed for gravity 

loads only and subjected to earthquakes, pp. 93 - 111 

Journal of Engineering Sciences, Assiut University, Faculty of Engineering, Vol. 42, No. 1, January, 

2014, E-mail address: jes@aun.edu.eg 

0.00

0.10

0.20

0.30

0.40

One-Bay Two-Bay Three-Bay Four-Bay

Number of Bays

In
te

rs
to

ry
 D

ri
ft

 R
a

ti
o

(%
)

Two-Story

Four-Story

Six-Story

Eight-Story

 

 

 

 

 

 

 
 

 

Fig. 13. Relation between number of bays and the inter story drift ratio 

3.2.2. Effect of number of stories (n) 

To study the effect of the number of stories (n) on the interstory drift ratio, a comparison 

was done between different frame models with different number of stories (n=2, 4, 6, and 

8). The interstory drift ratios for different models with different number of stories are 

illustrated in Fig. 14. It is clear that in each model interstory drift ratio increases as the 

number of stories increases. The rate of increases becomes greater as the number of stories 

increases. 
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Fig. 14. Relation between number of stories and the inter story drift ratio. 

3.2.3. Effect of infill 

To study the effect of infill on the interstory drift ratio, a comparison was done between 

different frame models with and without infill (infilled frames and bare frames). The 

interstory drift ratios each model with different number of bays are  illustrated  in Fig. 15. 

It is clear that the presence of infill decreases the interstory drift ratio in each model. 

The rate of reduction in the interstory drift ratio due to infill as shown in Fig. 16  becomes 

less as the number of stories increases.  
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Fig. 15. Effect of presence of infill on the maximum interstory drift ratio  
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Fig. 16. Relation between the number of stories and the interstory reduction rate 

due to presence of infill. 

3.2.4. Effect of open ground story 

To study the effect of open ground story on the interstory drift ratio, a comparison was 

done between different infilled frame models with and without open ground story models. 

The interstory drift ratios for each model with different number of bays are  illustrated  in 

Fig. 17. It is clear that the interstory drift ratio at ground floor level is very high compared 

to other stories.  

3.3. Base shear 

     Base shear is a very important parameter for seismic evaluation of buildings. The 

maximum base shear at the base of exterior column has been evaluated for all models 

under study and illustrated in Table 10.  it is clear that the least base shear appears at the 

bare frame models and the greatest appears at the infilled frame models. 
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Fig. 17. Interstory drift ratio for different infilled frame models with and 

without open ground story. 

Table 10. 

Base Shear for each models under study 

Number 

of 

Stories 

Number of Bays and Frame Type 

One-Bay Two-Bay Three-Bay Four-Bay 

BF IN OG BF IN OG BF IN OG BF IN OG 

Two-Story 23.6 65.0 29.3 19.9 40.3 27.2 19.0 36.1 26.8 19.1 37.5 26.4 

Four-Story 41.4 113.6 75.4 33.2 112.9 58.9 31.9 113.2 52.6 32.0 113.4 50.9 

Six-Story 69.5 158.8 154.6 59.4 164.4 146.6 60.0 163.4 136.8 62.3 162.3 142.0 

Eight-Story 71.2 148.0 152.8 77.8 168.5 153.3 72.5 167.6 160.9 67.6     
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Fig. 18. Base Shear for each models under study 

3.3.1. Effect of number of stories 

To study the effect of the number of stories (n) on the base shear, a comparison was 

done between different frame models with different number of stories (n=2, 4, 6, and 8). 

The base shear results for different models with different number of stories are illustrated 
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in Fig. 19. It is clear that in each model the base shear increases as the number of stories 

increases. The rate of increases in roof lateral displacement becomes greater as the number 

of stories increases.  
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Fig. 19. Base Shear for different models as affected by the number of stories. 

3.3.2. Effect of infill 

To study the effect of infill on the base shear, a comparison was done between different 

frame models with and without infill (infilled frames and bare frames). The base shear for 

each model with different number of bays are  illustrated  in Fig. 20. It is clear that the 

presence of infill increase the  base shear in each model.  
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Fig. 20. Base shear for bare frame and infilled frame models 

4. Conclusions 

In this study, nonlinear time history analyses were performed for a series of multi-story 

multi-bay RC frames designed for gravity load only and subjected to earthquakes. The 

infill walls were modeled as equivalent diagonal struts. And seismic behaviors of RC 

frame with and without masonry infill walls were investigated. Some of the main 

conclusions are as follows: 

The presence of infill wall can affect the seismic behaviour of frame structure to large 

extent, and the infill wall increases the strength and stiffness of the structure, as a result, 
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there is a significant decrease in maximum roof lateral displacement and interstory drift 

ratio of infill frame as compare to bare frame. The maximum reduction ratio in roof 

displacement due to presence of the infill was found in the two-story models, which was 

about 80% as compared to the bare frame models. The rate of reduction becomes less as 

the number of story increases to be about 40% in the eight-story models. 

Infilled frames are strongly preferred in seismic regions than the open ground story 

frame, because the story drift at the first story of open ground story frame is very large 

than the upper stories, this may probably cause the collapse of structure. It was found that 

the phenomenon of open ground story increased the first story drift compared to infilled or 

bare frames. The rate of increase in first story drift was about 42% compared to bare 

frame. 

There is a significant effect of increasing the number of bays in reducing the roof lateral 

displacement and the interstory drift ratio, this effect becomes more pronounced as the 

number of stories increases. The maximum reduction ratio was found at the eight-story 

two-bay model (about 25%) compared to the one-bay model, this rate decreased as the 

number of stories decreases which was about 10% at the two-story two-bay model. 

There is a significant effect of increasing the span of bays in reducing the roof lateral 

displacement and the interstory drift ratio, the rate of reduction becomes less as the bay 

span increases. It was found that the reduction in the roof lateral displacement was about 

38% when increasing the bay span from 4 to 6m and about 16% when increasing the bay 

span from 6 to 8m. 

 Ignoring the presence of infilled wall in analyzing the RC frames leads to 

underestimation of base shear (47-72% less). The underestimation of base shear may leads 

to the collapse of structure during earthquake shaking. 
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 بعض العϮامل المؤثήة على سلϙϮ الϬياكل الخήسانية المسلحة 

 المصممة لتحمل الϯϮϘ الήأسية فϘط ϭالمعήضة احمال الزاίل
 :العήبى ملخصال

تم Ωراسة تاثيή بعض العوامل المΨتارΓ على سلوك الهياكل الήΨسانية المسللةة المملممة لمواةملة االملار الή سلية      
. تم تملميم عل Ω ملل الهياكلل الήΨسلانية المسللةة لمواةملة االملار الή سلية فولط بل ة  اا ل  فوط تةت المار الزاίر

 Γ ةللور بلليل ااعمللΒال Ω للار فللا  لل ح ال راسللة  للا  عللΒر. ةالعوامللل التللا ا لل ف فللا ااعتίالمللار الللزا ήلار تللرثيΒبااعت
بليل ااعمل Γ ممللوبΓ بالال را  اة الووا يلل ةالمسافة بينها ةك لك ع Ω الطوابق، بااضافة اللى اعتΒلار  يميلل الغήا لاف 

 ήيلΒب ل ل ك ήالووا يلل تم لل ا  تلرت Ωقلة. ة ل  ةيل  ا  ةيلوΒك الطلابق اارضلا بل ة   ئ تعήةار ةلاللة تلΩلاميل اا
على سلوك المن ر تةت الزاίر ةتزت  مل متانتل  ة وتل  ةسلا مت فلا تΨغليض مول ار ااίاللة اافويلة بنسلΒة تήاةللت 

% . كما ةي  اتضا ا  تήك ال ةر اارضا ب ة   وا يلل اة يل را  تعتΒلή فيل  مΨلا Γή، ة نلاك 04 – 04بيل لوالا 
التمالية انهيار المΒنى تةت تاثيή الزاίر ا  ل ثت بسلΒ  ا  ااίاللة اافويلة لعملوΩ الل ةر اارضلا اكΒلή ب  يلή ملل 

 ةت تاثيή االمار اافوية.ااίالاف اافوية فا الطوابق ااعلى مما    تتسΒ  بانهيار المΒنى ت
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